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SUMMARY 



Neural efficiency in relation to human intelligence was 
the objective of this work. A significant and repeatable correlation 
between IQ test scores and parameters of the visual evoked potential 
in a sample of 573 children has been shown previously, (Ertl, 1969). 

In this project we were hoping to demonstrate that the 
neural efficiency of the human brain as measured by certain parameters 
of sensory evoked potentials varies depending on the sensory input 
used within the same subject. We, therefore, stimulated visually, 
auditorally, and with a tactile stimulus, and analyzed the evoked res- 
ponses from three different areas of the brain, frontal, central, and 
occipital. The subjects were 213 children aged 8 years to 16 years, 
selected randomly from our previous sample of 573. 

Extensive computer analysis of the KEG data were performed 
in order to discover possible new parameters which are related to 
intelligence test scores. 

By means of linear discriminant analysis, it was demonstrated 
that the amplitude of the visual evoked potential at certain time points 
following the stimulus is significantly greater for high IQ subjects. 

The results 6f the discriminant analysis are equivalent to a correlation 
co-efficient of -.68. ThiSj procedure, therefore, substantially improves 
and objectifies the method when compared to earlier techniques. These 
results also confirm the work of Dustman and Beck. 

By means of Fourier analysis, it was shown that there is a 
tendency for high IQ subjects to have greater energy above 14 cycles 
in their visual evoked response when compared to low IQ subjects. 
Predictions of academic achievement from evoked potential measures, 
though significant (.26), is poor when compared to predictions based 
on IQ test scores (.6). When predicting academic achievement from 
evoked potential measures using only the high and low IQ subjects, 

(N— 79), the evok€;d potential predicts academic achievement equally as 
well as IQ test scores. All the above results were obtained with visual 
stimulation only. Unfortunately, due to unreliability of the evoked 
potential in response to auditory and tactile stimulation, we were unable 
to show any significant correlation with any variable in the study. 

This unreliability appears to be due to the particular electrode place- 
ment we have used and does not mean that the auditory and tactile evoked 
potentials are unreliable phenomena. 

There is now little doubt that careful study of the electrical 
activity of the human brain can be related to intellectual functioning 
and continued exploration seems highly justified. 
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INTRODUCTION 



The search for psychological correlates of the electrical 
activity of the human brain started with the observations by *Ws 
Berger that the alpha rhythm is attenuated with attention. Most 
of the early attempts to relate intelligence to parameters of the 
EEC were unsuccessful with normal subjects (reviewed by Vogel, 1969). 
Practically nothing was known about the source or function of the 
EEG in the first two decades following Berger*s discovery. In the 
early 1950* s when high speed digital computers became generally 
. available, the analysis of complex patterns of electrical activity 
became feasible and the field developed rapidly. 

These technical developments made possible the application 
of some existing neuro-physio logical techniques used with animals 
to human subjects without surgical procedures. By means of averaging, 
auto and cross correlating, etc., it is possible to reduce the back- 
ground noise sufficiently to study the electrical, signal from the 
intact. human brain in response to sensory stimulation. These responses 
are known as evoked potentials. The study of evoked potentials is 
now a specialized branch of Electroencephalography and it intersects 
many disciplines, psychology, neuro-physiology, computer science, 
cybernetics, etc. Just as in the early days of EEG, the study of 
evoked potentials has proliferated enormously. There are hundreds 
of studies published where basic problems are generally avoided or 
superficially masked by fancy statistical designs. Late comers to 
the field often accept highly transformed computer data at face 
value without understanding the basic processes or the raw data. 
Duplication rather than replication and validation abound in the 
current literature. As a result of this, it is difficult to dis- 
tinguish scientific fact from spurious statistical fiction. There 
are few testable theories, only observations. 

During the past three years with the support of the U.S.O.E, 
we have established a relationship between parameters of the evoked 
potentials and human intelligence as measured by psychometric tests. 

We have also proposed a theory of neural efficiency that is Sufficiently 
explicit to permit a scientific test and it is also capable of generating 
new hypotheses. The findings relating to the I.Q. - evoked potential . 
relationship have been replicated at least five times, four of these 
studies (Whittacker, Dustman and Beck, Bennett, and Horn) confirm 
our original findings and the *ord Foundation study does not. 

The results of the Ford Foundation study have not yet been 
fully evaluated, but a preliminary (unauthorized report by one of the 
four principal investigators) found that using rather primative data 
analysis techniques, no significant correlation could be established 
between the latency components of the evoked potentials and some I.Q. 
tests or with academic achievement. As there is no published report 
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of these findings, methodological criticism is impossible at this 
stage. In addition to the four direct corroborations, there ii? 
considerable indirect evidence which supports the validity of our 
work. The evidence is reviewed (Ertl, 1968) and consists essentially 
of showing that the effect of certain druge such as thyroid hormone, 
riboflavin, etc., which are known to cause mental dullness, also 
change evoked response latencies in the expected direction. There 
is also vast literature on evoked potentials in relation to numerous 
high level psychological functions. In all of these studies, it is 
usually assumed or speculated that the evoked responses are the elect- 
rical signs of information processing in the brain. If this is true, 
and we believe it to be so, there can be little question that the 
neural efficiency or intelligence of the human brain can be measured 
through some parameters of the evoked responses. 










METHODS 



A variety of samples drawn from this laboratory^ basic pool 
of 573 primary school pupils were utilized in the present project. 
Thebasic sample of 573 pupils initially studied in the U.S.O.E. Project 
No. 6-1545 was randomly selected from the population of 7804 children 
attending grades 2, 3, 4, 5* 7, and 8 in the 39 schools of the Ottawa 
Separate School system. Samples of pupils from each of the six grades 
were randomly drawn independently. The working sample of 573 pupils 
comprised 317 male and 256 female subjects. 

The test sample in the present project comprised 119 male 
and 94 female pupils randomly selected from our basic pool of 573 
subjects. Ages ranged from 106 to 194 months and averaged 130.7 months. 

In addition a criterion sample of 46 high I.Q. pupils and 33 
low I.Q. pupils was selected from the basic pool. To qualify as a 
high I.Q. subject, a pupil had to score 120 or better on two out of 
the three intelligence tests used (Wechsler Intelligence Scale for 
Children; Primary Mental Abilities Test; Otis test of Mental Ability). 
To qualify as a criterion low I.Q. subject, a pupil had to score 80 
or less on two out of these three tests. The EEG of these subjects 
derived from bi -polar electrodes (F4 - P4 in 10 - 20 system) was 
already on analog tape from our previous work. It was converted to 
digital form and analyzed in a large number of wavs using our IBM 360. 

Part of the data used in this project was already on file 
for 573 subjects as a result of testing done during U.S.O.E. project 
No. 6-1545* This data included scores on: The Otis Quick-Scoring 

Mental Ability Test (alpha or beta); The Primary Mental Abilities 
Test (DMA) with individual ability quotients for verbal meaning, 
numbers facility, spatial relations, reasoning and/or perceptual 
speed as well as an overall general intelligence quotient; and the 
individually administered Wechsler Intelligence Scale for Children 
(WISC) with its eleven subtests (information, comprehension, 
arithmetic, similarities, vocabulary, digit span, pi cute completion, 
picture arrangement, block design, object assembly, and coding as 
well as verbal, performance and full scale intelligence quotients. 
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Academic achievement ratings derived from year end teacher J 

prepared report cards were obtained for this project on 528 subjects j 

from our data pool. For pupils in grades two and three, academic | 

ratings (A, B, C, D) or grades in percentage scores for oral 
language, written language, reading, spelling, social studies, 
natural science and mathematics were all converted to grade per- 
centages and averaged to obtain the academic achievement score. For 
pupils in grades 4 to 8, academic ratings or grade percentages for 
literature, language, composition, grammar, spelling, social, 
studies, history, geography, mathematics, science, english, and 



french, where applicable, were all converted to grade percentages and 
averaged to obtain the academic success score. These academic achieve- 
ment scores were subsequently correlated with the three I,Q. scores 
and various brain response measures to determine their relative predic- 
tive efficiency in forecasting success in school. 

Scores on a specially developed Chopped Speech Test were, 
also obtained for this project on 172 subjects. This test was devised 
as a putative measure of signal detection ability or the capacity to 
bring closure to garbled auditory information. We hypothesized that 
this measure would correlate with evoked potential latency. Sixty 
randomly selected two digit numbers at three randomized levels of item 
difficulty were tape recorded and presented by loudspeaker after 
appropriate verbal instructions. Subjects were asked to write down 
the two digit number they recognized after each presentation. Scores, 
being the total number of correct digits identified, ranged from 3 to 
102 with a mean of 68.3* 

Each of the 213 subjects in the major test sample were 
tested to determine their evoked cortical potential to visual, auditory, 
and tactile stimuli from three different brain areas (frontal, central, 
occipital). The electroencephalograph (EEG) of each subject, obtained 
from scalp contact electrodes at 10 - 20 derivations F3, C3, and 01 
referred to Al, recorded on three channels of FM tape on a bandwidth "V 

3 db. down, 3 - 50 Hz. Data from the C3 - Al (central) leads was also 
simultaneously recorded on digital magnetic tape for subsequent processing 
by the University *s IBM 360 - 65 system computer. A systems diagram of 
the instrumentation used for data acquisition and analysis is shown 
in Fig. 1 . Upward deflexion in the EEG indicated negativity of 
scalp leads with respect to the left earlobe. Four hundred bright 
flashes followed by 400 loudspeaker delivered click stimuli, and 
400 mechanical taps to the right thumb, all presented according to 
a pseudo random stimulus interval distribution ranging from 0.8 to 
1.8 seconds, evoked visual, auditory, and somatic brain responses. 

These evoked response waveforms, averaged following stimulus onset 
by the Enhancetron digital computer in alternate 500 millisecond duration 
sets of 200 responses each, enabled identification of sequential component 
peaks through visual cross-correlation. The relative unreliability of 
auditory and somatic evoked responses from frontal and occipital deri- 
vations eliminated them from further analysis. The latencies from 
stimulus onset of the first four reliable and reproducible peaks for 
visual evoked potentials from three areas and auditory and somatic 
evoked potentials from the central brain area were measured with an 
error of measurement estimated to be plus or minus 5 msec. All these 
sequential component latencies were inter-correlated with themselves 
and with the three intelligence test scores, academic achievement 
ratings, age and chopped speech test scores. 

* 

A variety of IBM 360 - 65 computer analyses including dis- 
criminant analysis, amplitude averaging, zero crossing, and peak histo- 
gramming, digital filtering, and fourier ratio analysis were also 
performed on bi-polar visual evoked potential data from the criterion 
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sample and mono-polar evoked potential data from some subjects in the 
major test sample of 213 pupils. 

A discriminant analysis on bi~polar visual evoked otential 
amplitude at % waveform data points, each four milliseconds wide, 
was performed to identify possible evoked potential amplitude differences 
between 46 high I.Q. and 33 low I.Q. subjects from our criterion sample. 

Since one of the principal problems in evoked potential 
research is the determination of what components of the summated evoked 
potential waveform are in fact brain responses, a special computer 
analysis was developed in an attempt to attack this problem. In our 
previously published work (Ertl, 1968 - 1969), the processing of evoked 
potential data consisted of signal amplitude averaging (by small, special 
purpose computer) coupled with falling zero-crossing post-stimulus histo- 
gramming and associated statistical analysis. Results of these two types 
of analysis were used for the identification of sequential components of 
the evoked potential,. The special computer analysis devloped for this 
project incorporated both amplitude averaging and filling zero-crossing 
histogramraing as before but also included post-stimulus histogramming 
of leading zero-crossings, peaks and troughs of the EEG with a built-in 
statistical analyses for determination of significant post-stimulus 
brain response events. 

In an attempt to further facilitate the identification of 
sequential visual evoked potential components with the above computer 
program, digital bandpass filtering of criterion high and low I.Q. 
subjects data was also undertaken. Digital filtering, unlike analog 
filtering, provides for marked attenuation of frequencies outside 
the bandpass with a very steep attenuation slope, and no phase shifting 
of the signal. Digital filtering was accomplished using rejection 
of components in the fourier transform and subsequently inverse fourier 
transforming. We used the following digital bandpass filter settings: 

13 - 50 Hz, 1-8 Hz, and 8-12 Hz, for the evoked potential data 
of the criterion sample. 

In an attempt to discover other variables of the evoked 
potential besides latency which might discriminate between high and 
low I.Q. subjects, we undertook a computer generated fourier frequency 
ratio analysis on our 79 criterion subjects. From a preliminary 
inspection of the visual evoked potentials of high and low I.Q. subjects 
it was hypothesized that the frequency spectrum of the high I.Q. evoked 
potential would contain a greater proportion of high-frequency components 
than that of low I.Q. visual evoked potentials. To test this hypothesis 
the bi-polar visual evoked potentials of our 79 criterion subjects 
were fast-fourier analyzed by computer (Table I Appendix A). This 
provided for each subject a discrete spectrum with amplitudes of frequency 
components at approximately 2 Hz intervals beginning with the funda- 
mental frequency of 1.95 Hz. Since the raw EEG was originally filtered 



3 - 50 Hz when transcribed from analog to digital format, the fast 
fourier analysis was not carried beyond 50.8 Hz. The fourier ratio 
was defined as the ratio of spectral energy at and above a specified 
breakpoint frequency to the spectral energy below that frequency. The 
value of the fourier ratio was then computed for breakpoint frequencies 
ranging from 11.7 Hz to 44.9 Hz for each of the 79 criterion subjects. 
For each breakpoint frequency a t test was performed to determine 
whether or not the fourier ratio was significantly higher for the high 
I.Q. subjects than for the low I.Q. subjects. 



RESULTS 



The results will be considered in two parts; I. Analysis 
of electro physiological and psychological data based on the 1969 
sample. II. Analysis done with the 1966 - 63 sample. 

1(a). As a result of extensive consultations with leading 
researchers in Mils field, it was decided to change our recording 
technique from bi-polar to mono-polar. This turned out to be a 
disastrous mistake. The consequences of this decision were not 
forseeable at the time. Without going into the complex controversies 
regarding the relative advantages of the mono-polar technique over 
the bi-polar, the fact is that the mono-polar recording yielded 
unreliable evoked responses in the first 50 - 100 msec, of the 
response, (see Fig. 2 ). Consequently it was impossible to measure 
the latencies of the early components with any degree of confidence. 
Attempts to correlate these unreliable measures with the vast amount 
of data we have on our subjects is, therefore, meaningless. We have 
made a large number of attempts to salvage the data by various 
electronic techniques. They all failed and since they are of no 
particular scientific interest, their description is omitted. Further- 
more, it will be noted from Fig. 3 that the mono-polar recording 
is for practical purposes unrelated to the bi-polar recording from 
the same site, and, therefore, the 1969 data is not comparable with 
the 1968 data. 

In an attempt to salvage as much as possible of our data, 
we went through the mono-polar records and selected only those which 
showed an acceptable degree of reliability, that is, odd - even 
reliability. Our sample size was, of course, considerably reduced 
and ranged from 36 subjects to 113 subjects depending on the stimulus 
modality and the electrode location. With the reduced sample, the 
following conclusion can be drawn: 

1) The evoked responses to visual, auditory, and somatic 

stimulus from the same brain area is quite different (Fig. 4 )'• This 

is in agreement with the results of other workers in the field and is 
also demonstrated by the low intercorrelations between component 
latencies (see Table II appendix A ). The neural processes which 
generate these responses must, therefore, be specific depending on 
stimulus modality and thus our basic assumption at the outset of this 
project, that neural efficiency would be different in response to 
different stimulus inputs, is valid. 

2) The evoked responses to the same stimulus from different 
areas is also quite different (Fig. 5 )• This is again indicated by 
the low intercorrelations between components of the evoked response 

to the same stimulus in different areas (Table II appendix A ) e 
This finding is unexpected because with bi-polar electrodes, the 
differences when going from occipital to central to frontal regions 
are much less. It is, therefore, clear that from the point of view 



400 Responses Averaged 




Time ( miliise conds ) 



of wide spread application of this method, mono-polar electrode place- 
ments are much too sensitive in terms of exact location on the head. 

We computed all relevant correlations anyway, and this is 
shown in Table II of Appendix A. As stated before, all correlations 
between EEG variables and between EEG variables psychological variables 
are meaningless. However, the intercorrelation between components of 
the visual evoked potential clearly show the unreliability problem. 

This is illustrated in Fig. 3 in which the 1968 bi-polar data is 
compared with the 1969 mono-polar data on the same subject. If pro- 
ponents of the mono-polar electrode system were right, one would expect 
that the relationship between the first and second components of the 
VEP in a large sample of subjects would be at least as high as with the 
bi-polar system. It is, in fact, very significantly lower (R — .59, 

1968: R * .30, 1969). In addition to this, it must be noted that the 

standard deviation of the second evoked potential component in the 
1969 sample is 66.7 while it is only 15 .8 in the 1968 sample. There 
is no apriori reason to expect such large differences and we can only 
interpret this as additional evidence of the unreliability of the mono- 
polar electrode system. 

1(b). When the intercorrelation between psychological 
variables are considered (Table A ) we do get some small, but signifi- 
cant correlations between the Chopped Speech Test (CST) and I.Q. test 
scores. We have also obtained significant correlations with Academic 
Achievement (ACAV) and the CST. These correlations are certainly not 
high enough to indicate the discovery of a useful and quick test of 
intelligence. It is clear from Table A that, as expected, the inter- 
correlation between the three I.Q. tests is high and the correlation 
between academic achievement and the three I.Q. tests is also high. 

This simply indicates our confidence in the reliability of the psycho- 
metric data. Unfortunately, this can also be interpreted to mean that 
the three psychometric tests we have used, basically measure academic 
achievement. 

Il(a). A series of computer analyses of our criterion group 
of subjects drawn from the 1968 sample with bi-polar recordings was 
undertaken for the following reasons. 

1) There have been three reports in the literature indicating 
substantial correlation between parameters of the evoked response and 
intelligence. In view of our tape library and facilities, we were in a 
position to attempt to corroborate these findings. The evoked potential 
parameters used by these three researchers (Dustman and Beck, 1969s 
Whittaker et al, 1967: Bennett, -1969) were different from our original 

work (Ertl, 1966), and we were hoping that the techniques used by these 
authors would also yield results with out data. 

In the process of replicating the work of Dustman and Beck, 
our mathematical consultant Dr. O.R. Porebski developed a computer method 
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for ordinary linear discriminant analysis in contrast with stepwise 
discriminant analysis as used by Dustman and Beck. This method has 
numerous advantages and is a more general form of discriminant 
analysis. Dr. Porebski has also developed time dependent discriminant 
analysis (Stanford University, 1970) which we plan to use in the near 
future. Basically, the amplitude of the evoked response at discrete 
time intervals is compared to intelligence. The first step following 
digital conversion of the data is to average the evoked response of the 
high I.Q. subjects together and the low I.Q. subjects together, this 
is shown in Fig. 6. It is obvious that there are substantial amplitude 
differences in the region 120 - 140 msec, between the high and low I.Q. 
groups. Following this, a procedure is adopted which will find the 
minimum number of amplitude values that maximaly discriminate the 
average waveforms of the high I.Q. group from the low I.Q. group. The 
results of discriminant analysis can be expressed as a correlation 
(Porebski, 1966) function, and when this is done with our sample of 
criterion subjects, the correlation increases from the -.35 reported 
for the entire sample (Ertl, 1969) to -.68. Our findings are only 
generally comparable with those of Dustman and Beck because their 
electrode placements, etc., were different, but we can corroborate 
the fact that the amplitude at certain time points of visual evoked 
response is greater for high I.Q. subjects than low. 

We were unable to replicate the work of Whittaker, et &1, 
using digital filtering technique described below. We measured the 
frequency of evoked response in narrow bands as reported by Whittaker 
and found no relationship with intelligence. 

We also attempted to replicate the work of Bennett in which 
he claims that the "natural frequency of the dominant function is related 
to I.Q.”. This natural frequency is equivalent (according to our 
consultant E.R. Funke) to the frequency in the Fourier transform with 
maximum amplitude. This measurement was available to us, but it did 
not correlate with intelligence, therefore, we can not corroborate 
the work of Bennett . 

2) We also attempted analysis of our data using new parameters 
of the evoked response of our own invention. We report here results of 
the Fourier ratio analysis and the results of digital filtering. 

Many other methods were tried, they all failed, and are not considered 
a sufficient technical contribution to be reported here. The results 
with both the Fourier ratio analysis and digital filtering were bonier- 
line, but the techniques used are of considerable interest to workers 
in this field, and are, therefore, reported. 

Results of Fourier Ratio Analysis 

Over the range of breakpoint frequencies examined, i.e., 11.7 
to 44.9 Hz, one sub-range from 13.7 Hz to 17*6Hz yielded significant 
differences between mean Fourier Ratios (FR*s) of high I.Q. and low I.Q. 
groups* Fig. 7 shows curves of mean FR vs. breakpoint frequency for 




Breakpoint Frequency (Hz.) 







the two groups. The mean PR is significantly greater for high than for 
low X.Q. subjects in the vicinity of 15 Hz. In other words, the AEP 
frequency spectra of high and low X.Q, criterion subjects differ, in 
that the ratio of energy above a frequency of about 1*> Hz to that below 
15 Hz is greater for the high X.Q* subjects. 

We have also attempted digital filtering of the data in 
various bandwidths. There were two reasons for this procedure: 
i) to corroborate Whittaker 

id.) to facilitate the zero crossing and peak distribution analysis by 
cleaning up the data as much as possible through filtering. Digital 
filtering. has, of course, the advanatage of introducing no phase shifts 
and in this way we could evaluate the various filtering settings in the 
determination of evoked potential component latencies without making 
complex corrections for phase shifts. It is interesting to note that 
in this particular subject (Fig. 8 ) the evoked response has almost 

no energy content in the 8 - 12 Hz region, most of the energy is in the 
1-8 Hz band closely followed by the 13 «• 50 Hz band. This is not 
true for all subjects. Since digital filtering involves fourier analysis 
we have a fourier analysis for all the criterion subjects and found 
that in general the frequency spectrum of the visual evoked response 
is quite similar from subject to subject, (a representative fourier 
spectrum is shown in Fig. 9 ). This being so, it is unlikely that 

any method (such as Whittaker and Bennett) which attempts to find 
differences in the frequency of evoked response in relation to intell- 
igence is likely to succeed. We did not have time to fully evaluate 
the effect of digital filtering on our ability to determine evoked 
response component latencies using the zero crossing and peak distri- 
bution method. The preliminary indications are that it should be of 
considerable assistance. 

3) We have greatly improved our original method of zero- 
crossing and peak distribution analysis from a technical point of view. 
The computer programs and techniques are of considerable interest, and 
are available to other researchers in the field. 

A sample of our latest version of the zero-crossing and peak 
distribution analysis together with the fourier analysis is shown in 
computer read out. Table I , Appendix A . The headings of the 
various columns are self-explanatory. The present format i« most useful 
in presenting maximum information, but is obviously far too complex 
when dealing with large samples. Considerable time and effort went 
into th preparation of this program and the feedback from the scientific 
community has been excellent in terms of the usefullness of this program. 

II (b) 1) One of the principal aims of our study was to 

determine the predictive efficiency of evoked potential measures in 
relation to academic achievement scores. Table B illustrates these 
results. The Multiple R of .26 was obtained indicating that the present 
evoked potential measures are relatively poor nredictors of academic 
achievement . 
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Prediction of Academic Success From 3 I.Q. Tests 
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The predictive efficiency of I.Q. test scores in relation 
to academic achievement (Table C ) is much higher yielding a multiple 
R of .59. . This is to be expected since in our opinion psychometric 
tests ot intelligence are basically measures of academic achievement* 

These results, on first examination, may appear to be discouraging In 
terms of the practical usefullness of the evoked potential measures. 
However, an independent and valid criterion of human intelligence has 
not as yet been established and it is our hope that if such a measure 
is discovered, its relationship to evoked potential measures vdll be 
much better,. The relatively high predictive efficiency of I.Q. test 
.scores is probably due to the short time span of prediction. It is 
well known that the predictive efficiency of I.Q. test scores decreases 
as the time span is increased. We hope to be able to follow these 
subjects through the years and expect the predictive efficiency of the 
evoked potential measures to improve with time. 

2) When we consider only the 79 criterion subjects, 
prediction of I.Q. from latency measures is veiy much improved yielding 
a multiple R of 0 68 (Table D ). Similarily, prediction of academic 
achievement from latency measures of this group increases to .6 (Table E). 
It is difficult to explain these results since, if the evoked potential 
measures were valid, there would be no reason to expect an improvement 
in predictive efficiency when dealing with the high and low I.Q. ranges. 
Since there is such a marked improvement, we have to conclude that it 
is the lack of validity of I.Q. tests, in the middle ranges of intelligence 
which cause the lowering of predictive efficiency of the evoked potential 



TABLE D 
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TABLE 
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•Prediction of Academic Achievement 



>From 3 Latency Measures 
<N = 79) 
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CONCLUSIONS 



Neural efficiency in relation to human intelligence was 
the objective of this work. A significant and repeatable correlation 
between IQ test scores and parameters of the visual evoked potential 
in a sample of 573 children has been shown previously. (Ertl, 1969). 

In this project we were hoping to demonstrate that the 
neural efficiency of the human brain as measured by certain parameters 
of sensory evoked potentials varies depending on the sensory input 
tised within the same subject. We, therefore, stimulated visually, 
auditorally, and with a tactile stimulus, and analyzed the evoked 
responses from three different areas of the brain, frontal, central, 
and occipital. The subjects were 213 children aged 8 years to 16 years, 
selected randomly from our previous sample of £73. 



Extensive computer analysis of the EEG data were performed 
in order to discover possible new parameters which are related to 
intelligence test scores. 



By means of linear discriminant analysis, it was demonstrated 
that the amplitude of the visual evoked potential at certain time points 
following the stimulus is significantly greater for high IQ subjects. 

The results of the discriminant analysis are equivalent to a correlation 
co-efficiency of -.68. This procedure, therefore, substantially improves 
and objectifies the method when compared to earlier techniques. These 
results also confirm the work of Dustman and Beck. 



By means of Fourier analysis, it was shown that there is a 
tendency for high IQ subjects to have greater energy above 14 cycles 
in their visual evoked response when compared to low IQ subjects. 
Predictions of academic achievement from evoked potential measures, 
though significant (.26), is poor when compared to predictions based 
on IQ test scores (.6). When predicting academic achievement from 
evoked potential measures using only the high and low IQ subjects, 

(N=79), the evoked potential predicts academic achievement equally as 
well as IQ .test scores. All the above results were obtained with visual 
stimulation only. Unfortunately, due to unreliability of the evoked 
potential in response to auditory and tactile stimulation, we were unable 
to show any significant correlation with any variable in the study. 

This unreliability appears to be due to the particular electrode place- 
ment we have used and does not mean that the auditory and tactile evoked 
potentials are unreliable phenomena. 



There is now little doubt that careful study of the electrical 
activity of the human brain can be related to intellectual functioning 
and continued exploration seems highly justified. 
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